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摘  要
         
         
随着电力电子技术的高速发展，电力电子产品渗透到了生活的各个领域，它们产生
的高次谐波对电网的污染也日趋严重，使人们对谐波污染治理越来越关注。功率因
数校正技术（PFC）可以有效减小谐波污染，改善电网质量，提高电能的利用率
，是解决电力电子产品产生谐波的主要手段之一。传统单支路Boost PFC拓扑的输
入电流纹波和开关损耗较大，一般应用于中、小功率的场合。所以，本文在
Boost拓扑上进行了相应改进，引入了交错并联Boost PFC作为主电路拓扑，基于
ATmega16控制器对变换器进行数字控制。
本文以Boost拓扑为基础，分析了功率因数校正技术的基本原理，讨论了CCM、
CRM、DCM三种工作模式及其控制方法。在此基础上，介绍了交错并联Boost PFC拓
扑的工作过程及电感和电容纹波特性，并着重分析了该拓扑的恒导通时间控制方法
。相比于模拟控制策略，数字控制策略具有处理速度较快、灵活、精度及可靠性更
高等优点。从成本、性能、实用性及能耗等方面进行考虑，本文采用ATmega16微控
制器对PFC变换器进行数字控制，利用双闭环反馈控制算法保证了输出电压的稳定
，且输入电流及电感电流跟踪输入电压的相位。
最后，基于Saber仿真环境搭建了交错并联Boost PFC电路仿真平台，在不同PWM占
空比、不同电感量及不同负载条件下对PFC变换器进行了仿真。在仿真结果的基础
上，设计了一台输入为交流电压220V/50Hz，最大输出功率为500W，输出为恒压直
流400V的PFC变换器，功率因数控制在0.95以上，THD控制在15%以下。样机测试结
果表明，本文设计的交错并联Boost PFC变换器运行良好，输出电压稳定，功率因
数高，功率因数校正的效果显著。
         
关键词：Boost；功率因数校正；交错并联；数字控制
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Abstract
         
         
With the rapid development of power electronics technology, power electronic
products penetrate into all areas of life, they produce higher harmonics on the
power grid pollution is also increasingly serious, so that people pay more and
more attention to harmonic pollution control. Power factor correction (PFC) can
effectively reduce the harmonic pollution, improve the quality of the power grid,
improve the utilization of electricity, power electronic products is to solve one of
the main means of harmonics. The traditional single-branch Boost PFC circuit
topology of the input current ripple and switching losses are large, generally used
in medium and low power applications. Therefore, this paper has improved the
Boost topology, introduced the staggered parallel Boost PFC as the main circuit
topology, and based on ATmega16 controller on the converter for digital control.
Based on the Boost topology, this paper analyzes the basic principle of power
factor correction technology, discusses its three working modes and control
methods. Based on this, the working process and inductance and capacitive
ripple characteristics of staggered parallel Boost PFC topology are introduced,
and the constant conduction time control method of staggered parallel Boost PFC
topology is analyzed emphatically. Compared with the traditional simulation
control strategy, the digital control strategy has the advantages of fast processing,
flexibility, precision and higher reliability. In this paper, the ATmega16
microcontroller is used to digitally control the PFC converter. The double closed-
loop control algorithm is used to ensure the stability of the output voltage, and the
input current tracks the phase of the input voltage.
Finally, the staggered parallel Boost PFC circuit simulation platform is built based
on the Saber simulation environment, and the PFC converter is simulated under
different PWM duty cycle, different inductance and different load conditions. On
the basis of the simulation results, the design of a rated output power of 500W,
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the input for the AC voltage 220V / 50Hz, the output is constant voltage DC 400V
PFC converter, power factor control in 0.95 or more. The results of the prototype
test show that the staggered parallel Boost PFC converter is designed to be
stable, the output voltage is stable, the power factor is high and the power factor
correction is significant.
         
Keywords: BoostPower Factor CorrectionInterleavingDigital Control
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